Background: Admission to the intensive care unit (ICU) is often complicated by early acute kidney injury (AKI). AKI is associated with high rates of mortality and morbidity. Risk factors and incidence of AKI have been notably high following non-cardiac surgery in the past decade. The aim of this study was to determine the hazard rate of AKI, the effect of risk factors of AKI and also to assess the changes in urine output (UO) as a predictor of AKI using joint modeling in patients undergoing non-cardiac surgery.
surgery were complicated by AKI; also age (>=56), sex (male), diabetes mellitus (necessitating oral and insulin therapy), emergency surgery, intraperitoneal surgery, hypertension, active congestive heart failure and ascites were introduced as preoperative predictors of AKI (8).
Biteker and colleagues identified age, diabetes, revised cardiac risk index, and American Society of Anesthesiologists' physical status as independent predictors of AKI in patients undergoing non-cardiac, nonvascular surgery and the AKI incidence was reported to be 6.7%(NCS) (10) .
AKI in ICU patients following non-cardiac surgery has not been described comprehensively in the Iranian patients. In this study, the effect of risk factors on UO changes as predictor of AKI and incidence of risk factors associated with AKI following non-cardiac surgery were investigated. A joint modeling of longitudinal and survival data was used to determine the effects of risk factors such as sex, age, infection, diastolic blood pressure (DBP), systolic blood pressure (SBP), emergency surgery, SAPS II score, APACHE II score, length of hospitalization and ICU stay on time to AKI following non-cardiac surgery. Patients older than 18 years admitted to the ICU were included in this study. Written informed consent was obtained from all patients before entry into the study.
MATERIALS AND METHODS

This
Patients who underwent more than one surgical procedure during hospitalization (n=26) were excluded. An additional exclusion criterion was preoperative renal failure requiring dialysis (n=19). Overall, 400 patients were included in the study. After surgery, patients were admitted to the ICU and followed from the day of ICU admission until ICU discharge or death. UO and other physiological variables were repeatedly measured every two hours during the first 8 hours of admission in the ICU.
Patients' demographics, laboratory data, the reason for ICU admission, length of hospitalization and ICU stay were recorded in prepared forms during the ICU admission. Main survival endpoint was the time of occurrence of AKI after non-cardiac surgery. Patients were followed since ICU admission until AKI occurrence. The dosage of dopa, dobutamine, epinephrine, nor-epinephrine and vasopressin was scaled based on individual patient characteristics and comorbid conditions. Blood pressure was measured twice with a 10-minute interval and patients sat for at least five minutes before the measurement. We used AKIN criteria for AKI definition, which was defined as a reduction in urine volume to 0.5 ml/kg per hour for more than 6 hours.
Statistical analysis
A joint modeling of longitudinal and survival data, proposed by Guo-Carlin, was used for data analysis in this study (9, (11) (12) (13) . Guo 
RESULTS
To summarize, the mean age was 43.6 years, 39.8%
were women and AKI developed in 8.8% (35 of 400). The characteristics of some variables, which were used in the modeling, are reported in Table 1 . Murray studied AKI following non-cardiac surgery and found that 87 (7.5%) developed AKI. Age, emergency surgery and ischemic heart disease were reported as preoperative predictors of AKI during the postoperative period (9) . The aim of this study was finding a relationship between the time of AKI following non-cardiac surgery and UO by an association parameter, using joint modeling.
Survival(AKI)
Joint modeling takes into account the inter dependence of two types of survival and longitudinal responses. After using joint modeling, our findings showed a negative significant association between the risk of AKI following non-cardiac surgery and UO in patients (-0.19,P=0.04) and showed the suitable selection of joint modeling for this study.
Many other factors are associated with an increased risk of AKI but their effects will be highly dependent on the specific nature of the population (19) . When using joint modeling, a reduction in the standard error of estimates occurs, thus more accurate parameter estimates and valid inference concerning the effect of covariates on the survival and longitudinal outcomes can be obtained (11, 14, 20) .
We recommend definite prevention programs in the ICU target patients with traditional risks of AKI such as older age, sex, blood pressure and system scoring. Also, use of joint modeling is recommended to investigate the incidence of AKI for different types of surgeries in future studies.
Nonetheless, this study makes a substantial contribution to the effort to define risk factors for AKI after non-cardiac surgery. Ideally, such works must be extended to multicenter registries. The strengths of this study were estimation of association of AKI and UO using joint modeling for the first time and large sample size.
CONCLUSIONS
A relationship between longitudinal and survival responses was found in this study and joint modeling caused considerable improvement in estimations compared to separate longitudinal and survival models.
